PCT 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 7 : 
C22C 27/06, 19/05, B32B 19/00 



Al 



(11) International Publication Number: WO 00/58530 

(43) International Publication Date: 5 October 2000 (05.10.00) 



(21) International Application Number: PCT/USGQ/08573 

(22) International Filing Date: 31 March 2000 (31.03.00) 



(30) Priority Data: 
09/283,775 



31 March 1999 (31.03.99) 



US 



(71) Applicant: AMERICAN SUPERCONDUCTOR CORPORA- 

TION [US/US]; Two Technology Drive, Westborough, MA 
01581 (US). 

(72) Inventors: FRITZEMEIER, Leslie, G.; 72 Concord Road, 

Acton, MA 01720 (US). THIEME, Cornelis, Leo, Hans; 36 
West Street, Westborough, MA 01581 (US). THOMPSON, 
Elliott, D.; 157 Rathbun Street, Coventry, RI 02816 (US). 

(74) Agent: WALPERT, Gary, A.; Fish & Richardson, 225 Franklin 
Street, Boston, MA 021 10-2804 (US). 



(81) Designated States: AU, BR, CA, JP, NZ, RO, SI, European 
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, 
IE, IT, LU, MC, NL, PT, SE). 



Published 

With international search report. 
Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: ALLOY MATERIALS 



100 




101 


SELECT AND WEIGH THE CONSTITUENT METALS 


102 


MELT THE CONSTITUENTS AND COOL 


103 


REMELT TO ENHANCE HOMOGENEITY 


104 


SHAPE THE SOLIDIFIED MELT AND REDUCE IN SIZE TO 
FURTHER HOMOGENIZE 


105 


MECHANICALLY DEFORM THE SHAPE TO A SMALLER SIZE AND 
RECRYSTALLIZE TO FORM A SMALL GRAIN SIZE 


106 


DEFORMING THE SHAPE IN AN AXIALLY SYMMETRIC MANNER TO 
A SMALLER SIZE. 


107 

1 


PLANAR DEFORM THE ALLOY TO A REDUCTION IN THICKNESS 
OF BETWEEN 85% TO 99.9% 


108 


HEAT TREAT AT A TEMPERATURE EXCEEDING 250-C BUT NOT 
MORE THAN 95% OF THE MELTING TEMPERATURE 



(57) Abstract 

An alloy having a cube textured substrate is disclosed. The alloy includes two different metals. The alloy can be used as a substrate 
for a superconductor. Optionally, one or more buffer layers can be disposed between the substrate and the superconductor material. The 
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percent that is formed of grains with cube texture. The figure is a block diagram illustrating the process of forming a cube-textured alloy 
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ALLOY MATERIALS 

BACKGROUND 

The invention relates to alloys that can be used as substrates for 
5 superconductors, to superconductors including such substrates, and to methods 

of making these alloys and superconductors. 

Superconductors, including oxide superconductors, are used in a 
variety of applications. Some superconductors can demonstrate limited mechanical 
strength. Often, the mechanical strength of a superconductor can be enhanced by 
10 forming a multilayer article that includes a layer of superconductor material and a 
substrate layer, but the substrate should exhibit certain properties. 

The substrate should have a low Curie temperature so that the substrate 
is not ferromagnetic below the superconductor's critical temperature. Furthermore, 
chemical species within the substrate should not be able to diffuse into the layer of 
15 superconductor material, and the coefficient of thermal expansion of the substrate 
should be about the same as or somewhat higher than the superconductor material. 
Moreover, if the substrate is used for an oxide superconductor, the substrate material 
should be relatively resistant to oxidation. 

For some materials, such as YBa2Cu30x (YBCO), the ability of the 
20 material to act as a superconductor depends upon the crystallographic orientation of 
the material. For these superconductors, the substrate should have a crystallographic 
orientation that allows the material to act as a superconductor. Often, good 
superconducting properties are observed in these materials when the substrate has a 
biaxially textured surface. One type of biaxial texture is cube texture, in which the 
25 lattice is oriented such that the cube face is parallel to the surface. In addition, the 
cube edge in each crystallite is parallel to the cube edge in all neighboring crystallites. 
Examples of cube textured surfaces include the (100)[001] and (100)[01 1] surfaces, 
and an example of a biaxially textured surface is the (1 13)[21 1] surface. 

Some substrates do not readily meet all these requirements, so one or 
30 more buffer layers can be disposed between the substrate and the superconductor 
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layer. The buffer layer(s) can be comparatively resistant to oxidation, and reduce the 
diffusion of chemical species between the substrate and the superconductor layer. 
Moreover, the buffer layer(s) can have a coefficient of thermal expansion and a 
crystallographic orientation that is well matched with the superconductor material. 

Buffer layers are commonly formed using epitaxy. An epitaxial layer 
is a layer of material that is grown on a surface such that the crystallographic 
orientation of the layer of material is determined by the lattice structure of the surface 
on which the layer is grown. For example, for an epitaxial buffer layer grown on the 
surface of a substrate layer, the crystallographic orientation of the epitaxial layer is 
determined by the lattice structure of the surface of the substrate layer. Techniques 
used to grow epitaxial buffer layers include chemical vapor deposition and physical 
vapor deposition. 

Some pure metals, such as copper and nickel, can be prepared to have 
a desirable crystallographic orientation (e.g, a biaxial texture or cube texture) by a 
process that involves first rolling the metal and then annealing the metal. However, 
these pure metals may exhibit certain properties that are inappropriate for a substrate. 
For example, nickel has a relatively high Curie temperature, and copper is relatively 
easily oxidized. 

Attempts have been made to provide substrates for superconductors 
that are crystallographically oriented alloys. These substrates have been formed by 
first rolling and annealing a metal, then diffusing a different metal into the pure metal 
to form the alloy. This can result in a nonhomogeneous alloy. 

SUMMARY 

The invention relates to alloys that can be used as substrates for 
superconductors, to superconductors including such substrates, and to methods 
of making these alloys and superconductors. The alloys can exhibit a variety 
of advantages, including good oxidation resistance, low Curie temperature, 
good homogeneity, and/or good surface texture. 

In one aspect, the invention features a substantially homogeneous alloy 
including nickel and chromium. The alloy has a cube texture surface. At least about 
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65 volume percent of the alloy has a cube texture. The alloy can be made by a 
process that includes rolling the alloy, and then annealing the alloy. 

In another aspect, the invention features an article that includes a 
substrate and a layer. The substrate is formed of a substantially homogeneous alloy 
5 including nickel and chromium. The alloy has a cube texture surface, and the layer is 
supported by the cube texture surface. The alloy can be made by a process that 
includes rolling the alloy, and then annealing the alloy. 

The alloys preferably have a Curie temperature of less than about 80K 
(e.g., less than about 40K or less than about 20K). 

10 The alloys can be homogeneous alloys. 

The alloys can be relatively resistant to oxidation. 

The alloys can have a surface that is biaxially textured or cube 

textured. 

A relatively large volume percent of the alloys can be cube textured. 

15 

DESCRIPTION OF DRAWINGS 

Fig. 1 is a block diagram illustrating the process of forming a cube- 
textured alloy substrate. 

Fig. 2 illustrates a partial cross-sectional view of a superconductor 
20 composite formed with a cube-textured alloy substrate. 

Fig. 3 illustrates a partial cross-sectional view of a superconductor 
composite formed with a cube-textured alloy substrate and a textured buffer layer. 

Figs. 3 A and 3 B illustrate partial cross-sectional views of 
superconductor composites formed with multiple buffer layers. 

25 Fig. 4 illustrates a partial cross-sectional view of a superconductor 

composite having both sides coated with a buffer layer and a superconducting layer. 

Fig. 5 illustrates a cross-sectional view of a superconductor composite 
in which the coated layers surround the substrate. 

-3- 
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Figs. 6-9 are pole figures of cube-textured alloys. 

Fig. 10 is a pole figure of a 89 atomic percent nickel- 1 1 atomic percent 
chromium alley. 



5 DETAILED DESCRIPTION 

The invention relates to alloys that can be used as substrates for 
superconductors. The alloys have a cube textured surface and include a first 
metal and a second metal that is different than the first metal. The alloys can 
include additional metals, or the alloys can include only the first and second 
10 metals (i.e., no more than trace amounts of any other metals). 

Examples of metals from which the first and second metals can be 
selected include copper, nickel, chromium, vanadium, aluminum, silver, iron, 
palladium, molybdenum, gold and zinc. 

Generally, the alloys include from about 5 atomic percent to about 45 
15 atomic percent of the first metal (e.g., from about 10 atomic percent to about 40 
atomic percent). 

In one embodiment, the alloy includes chromium as the first metal and 
nickel as the second metal. If the amount of chromium is too small, the Curie 
temperature of the alloy may be too high for use as a superconductor substrate. 
20 However, if the amount of chromium is too large, the alloy may not be able to form a 
biaxial or cube textured surface. Preferably, the alloy contains nickel and at most 
about 20 atomic percent chromium (e.g., from about 5 atomic percent to about 1 8 
atomic percent chromium or from about 10 atomic percent to about 1 5 atomic percent 
chromium). 

25 In another embodiment, the alloy includes nickel as the first metal and 

copper as the second metal. If the amount of copper is too low, the Curie temperature 
of the alloy may be too high. However, if the amount of copper is too high, there may 
not be a good lattice match with the superconductor material. Preferably, the alloy 
contains nickel and from about 5 atomic percent to about 45 atomic percent copper 
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(e.g., from about 10 atomic percent to about 40 atomic percent copper or from about 
25 atomic percent to about 35 atomic percent copper). 

Preferably, the alloy has a biaxially textured surface (e.g., a (1 13)[21 1] 
surface), more preferably a cube textured surface (e.g., a (100)[001j surface or a 
5 (100)[011] surface). 

In some superconductors (e.g., YBCO), the critical current density can 
depend upon the grain boundary angle. For example, the presence of annealing twins, 
which are narrow regions inside and/or across a grain having a high angle grain 
boundary with biaxial or cube texture grains, can result in a region with poor 
1 o electrical current transport. The region in which an annealing twin is present can 
effectively be closed for superconducting currents. 

To minimize the effect of annealing twins, the volume percent of the 
alloy having grains with biaxial texture is preferably at least about about 65 volume 
percent (e.g., at least about 80 volume percent or at least about 85 volume percent) as 
1 5 measured using X-ray diffraction pole figures. 

In certain embodiments, the volume percent of the alloy with grains 
having a cube texture is preferably at least about 65 volume percent (e.g., at least 
about 80 volume percent or at least about 85 volume percent) as measured using X- 
ray diffraction pole figures. 

20 Preferably, the peaks in an X-ray diffraction pole figure of the alloy 

have a Full Width Half Maximum (FWHM) less than about 20E (e.g., less than about 
15E, less than about 10E or from about 5E to about 10E). 

The alloy preferably has a Curie temperature of less than about 80K 
(e.g., less than about 40K or less than about 20K). 

25 The alloy is preferably homogeneous. The amount by which the 

concentration of constituents in the alloy varies across the cross section of the alloy is 
preferably less than about 15 percent (e.g, less than about five percent or less than 
about two percent). 

The preferred alloys can be used as a substrate for a superconductor. 
30 The superconductor material can be disposed directly onto a surface of the substrate, 
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or one or more buffer layers can be disposed between the substrate and the 
superconductor material. 

Examples of superconductor materials include oxide superconductor 
materials, such as yttrium-barium-copper-oxides, rare earth barium copper oxides, and 
mixtures of these two classes, wherein the YBCO yttrium is partially or completely 
replaced by rare earth elements such as lanthanum, cerium, praseodymium, 
neodymium, samarium, europium, gadolinium, terbium, dysprosium, holmium, 
erbium, thulium, ytterbium, lutetium and thorium. Other possible superconductor 
oxides include the mercury, bismuth, and thallium families. The superconductor 
material can be applied by any of a variety of methods, including electroplating, non- 
vacuum solution deposition, chemical vapor deposition, physical vapor deposition 
techniques such as sputtering, laser ablation, thermal evaporation, electron beam 
evaporation, metallorganic and/or sol-gel solution precursor methods. 

A preferred precursor approach uses a metallorganic triflouroacetate 
precursor solution. With this approach, high temperature superconductor films are 
spun or dip coated onto substrates and then reacted to form the superconducting 
YBCO phase. The as-coated precursor includes an oxy-fluoride film containing 
BaF2. Heat treatment in a controlled atmosphere, such as that disclosed in U.S. 
Patent No. 5,23 1,074 issued to Cima, et al., fully incorporated herein by reference, 
decomposes the BaF2 phase and thereby crystallizes the film. This allows the 
nucleation and growth of an epitaxial YBCO film. Superconductor oxide films 
characterized by highly textured morphologies and fully dense, homogenous 
microstructures are capable of sustaining critical current densities in excess of 104 
A/cm2 at 77 degrees Kelvin when prepared on non-lattice matched substrates, and 
critical current densities in excess of 106 A/cm2 at 77 degrees Kelvin when prepared 
on lattice matched substrates. 

Preferably, the superconductor material has a thickness of from about 
0.2 micrometers to about 20 micrometer (e.g., from about 1 micrometer to about 20 
micrometers). 

The superconductor material can be deposited directly onto a surface 

of the alloy substrate, or onto a buffer layer that is disposed on a surface of the alloy 

-6- 
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substrate. One or more buffer layers can be disposed between the alloy substrate and 
the superconductor material. The buffer layer can be formed using any of the 
standard techniques, including epitaxial deposition (e.g., chemical vapor deposition or 
physical vapor deposition), or by growing a native oxide of the alloy via exposure of 
5 the alloy to an environment containing sufficient oxygen. This native oxide can be 
grown epitaxially. Thus, the native oxide can have a biaxially textured surface (e.g., a 
(1 13)[21 1] surface), or a cube textured surface (e.g., a (100)[001] surface or a 
(100)[01 1] surface). Methods of epitaxially depositing buffer layers are disclosed in 
commonly assigned U.S. Patent Applications Serial No. 09/007,375, filed January 15, 
10 1998, 09/007,367, filed January 15, 1998, 09/007,372, filed January 15, 1998, and 
09/007,373, filed January 15, 1998, all of which are hereby incorporated by reference 
in their entirety. 

Examples of buffer layers include noble metals, alloys of noble metals 
and oxides, such as oxides with a cubic structure (e.g, MgO, A1203, yttria, YSZ, 

15 SrTi03, LaA103, YA103 or rare earth oxides such as Ce02, Yb203, or yttria- 
stabilized zirconia (YSZ)). By "noble metal" is meant a metal which is 
thermodynamically stable under the reaction conditions employed relative to the 
desired superconductor material, and/or which does not react with the superconductor 
material or its precursors under the conditions of manufacture of the superconductor. 

20 A noble metal can be a metal different from the metallic matrix elements of the 

desired superconducting ceramic. A noble metal can be silver or a silver/gold alloy, 
but it can also be a stoichiometric excess of one of the metallic elements of the desired 
superconducting ceramic, such as yttrium. Silver (Ag) and silver alloys are the most 
preferred noble metals. Other noble metals which can be used are platinum, gold, 

25 palladium, rhodium, iridium, ruthenium, rhenium, rhenium or alloys thereof. Suitable 
oxides such as MgO, cubic A1203, yttria, YSZ, or rare earth oxides such as Ce02, 
Yb203 etc. or mixtures of these are typically stable oxides with a cubic structure. 
These materials can be used alone or in combination. 

The total thickness of the buffer layer(s) is preferably from about 0.05 
30 micrometers to about 10 micrometers (e.g., from about 0.2 to about 0.8 micrometers). 
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In certain embodiments, the superconductor is a multilayer structure 
including a textured (e.g., biaxially textured or cube textured) substrate, on which a 
textured (e.g., biaxially textured or cube textured) epitaxial buffer layer is disposed, 
and onto which a textured (e.g., biaxially textured or cube textured) epitaxial 
5 superconducting layer is disposed. In these embodiments, more than one textured 
epitaxial buffer can be disposed between the textured epitaxial and the textured 
substrate. 

The buffer layer and/or superconducting layer can be on one side or 
both sides of the substrate, and can partially or entirely surround the substrate. 

1° A cap layer (e.g., a metal cap layer) can be provided on top of the 

superconducting layer. Materials that can be used in the cap layer include noble 
metals and alloys of noble metals, which can be complemented with an additional 
layer of a less noble metal such as copper or aluminum to reduce cost. 

The alloys can be formed by creating a homogenous solid solution of 
15 the alloying elements. The constituents of the alloy are weighed, mixed, and melted 
together to form an alloy. The melt is then cooled to room temperature. The rate of 
cooling can be slow or fast, with a rapid quench preferred for giving a fine grain size. 
The solidified alloy is further homogenized by a heat treatment. The alloy is then 
processed into tape by mechanical means, such as rolling, after which a suitable heat 
20 treatment produces the desired cube texture. An optional recrystallization step after 
the homogenization and partial deformation of the alloy induces a refined grain size 
of, for example, from about 5 micrometers to about 70 micrometers, which obtains a 
cube texture in the rolled and heat treated tapes. 

Referring to Figure 1, a block diagram illustrates the process 100 for 
25 forming a cubertextured alloy. The.constituent metals (Step 1 01 >are selected, 
weighed and mixed. 

The solid solution is melted (Step 102) by various processes known in 
the art, such as arc melting, induction melting, plasma torch melting, or melting in an 
electrical resistance furnace or a furnace heated by gas or coal. Melting temperatures 
30 range, for example, from about 1 lOOoC to about 1250oC. A certain level of 
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homogenization is achieved during the melt process due to convection, mechanical 
stirring, or stirring induced by the melting techniques such as the induction melter. 
The melting can be performed in air, under vacuum, or under a protective inert 
atmosphere, such as nitrogen, argon or helium. 

5 The melting can be repeated several times to further increase 

homogenization (Step 103). 

The melt is cooled with the furnace. The solidified melt is shaped, 
preferably, into a bar. The bar is reduced in diameter by rod rolling, swaging, 
drawing or extrusion (e.g., by a factor of from about 1.3 to about 5) and heat treated to 
10 further homogenize the alloy (Step 104). 

A further mechanical reduction in diameter by similar mechanical 
means follows, to a size where the planar deformation process will commence (Step 
105). Before or at this stage a heat treatment can be applied to recrystallize the alloy 
and obtain a fine grain size of (e.g., from about 5 micrometers to 70 micrometers or 

15 from about 10 micrometers to about 40 micrometers) (also Step 105). Alternatively, 
other methods can be utilized to achieve a fine grain size, such as the rapid 
solidification of the alloy after melting. An example is the atomization of a melt into 
an alloy powder, which is subsequently consolidated by (hot) pressing or extrusion 
into a bar, and which is processed subsequently similar to a cast alloy. The alloy 

20 sample is subsequently deformed in an axially symmetric manner, such as extrusion, 
swaging, drawing, or rod rolling to a smaller size which can be round, square or 
rectangular (Step 106). In yet another alternate process step, the melt can be cast and 
rolled. This cast can be further homogenized with a suitable heat treatment, rolled to 
a thinner size, and recrystallized to induce a fine grain size. 

25 The alloy.is deformed further by varioua pknar rolling. methods known, 

in the art (Step 107), to reduce the thickness of the stock by, for example, at least 
about 85% and up to about 99.8%. The planar deformation is performed at 
temperatures between, for example, -200EC and 600oC, and preferably at room 
temperature. 
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A recrystallization anneal (Step 108) at a temperature exceeding about 
250oC, but not more than 95% of the melting temperature, and preferably at 
temperatures between 400 and 1 190oC, produces the desired single cube texture 
(100)[001]. 

5 Figure 6 shows a (200) and a (1 1 1) pole figure, of a Cu-26.5% Ni 

alloy. A single and high quality (100) [001] cube texture is shown. This alloy was 
made by extrusion of the homogenized alloy to tape, rolling the tape to a reduction in 
thickness of 96%, and heat treating the final tape at 850oC for 4 hours in a protective 
atmosphere. (See Example 3). 

10 Rolling is typically performed at room temperature, with rolling 

between, for example, about 0. 10 meters per minute and about 100 meters per minute. 
The reduction schedule can be a constant reduction per pass, or a varied reduction per 
pass, with reduction steps chosen to be, for example, between about 5% and 40% per 
pass. The tape can be lubricated during rolling, or rolled without any lubricant. The 

15 tapes can be rolled with various size rolls, including large diameter rolls (e.g., from 
about 3.5" to about 8" or larger in diameter) or preferably with small diameter rolls 
(e.g., from about 0.75" to about 2" in diameter) which can be backed up by larger 
rolls, in a so-called four-high arrangement. Alternatives to the four-high arrangement 
are cluster and planetary rolling mills. 

20 Referring to Figure 2, a partial cross section of a superconducting 

composite 200 is shown. To form a superconducting composite 200, the above 
described substrates 201 of cube-textured alloys have at least one surface 202 coated 
with a superconducting oxide 203, such as yttrium-barium-copper-oxide (YBCO) or a 
rare earth barium copper oxide (REBCO) or mixtures of these. The REBCO f s are 

25 formed by partial or complete substitution of yttrium (Y) in the YBCO with rare earth 
elements such as neodymium, samarium, europium, gadolinium, terbium, dysprosium, 
holmium, erbium, thulium, ytterbium, lutetium, lanthenum, cerium, or praesodium. 
The coating of the superconducting oxide 203 is preferably from about 0.2 
micrometers to about 10 micrometers thick, more preferably from about 1 micrometer 

30 to about 10 micrometers thick. The coating is applied by any deposition technique, 
such as a non-vacuum solution deposition, electroplating, chemical vapor deposition, 
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or physical vapor deposition techniques, such as sputtering, laser ablation, thermal 
evaporation, electron beam evaporation. These deposition techniques can require a 
heat treatment, such as that disclosed in U.S. Patent No. 5,23 1,074 issued to Cima et 
aL, fully incorporated herein by reference, to form the YBCO in an epitaxial manner, 
5 and optimize its superconducting properties. 

Figure 3 shows a different superconductor structure 300, having a 
substrate 301, a buffer layer (or multiple buffer layers) 302, and a layer of 
superconductor material 303. Any of the deposition processes listed above, among 
others, can be used for depositing the buffer layer 302. A heat treatment can be 
10 included to form the buffer layer in an epitaxial manner (e.g., by forming a native 
oxide of the alloy). 

A structure in which the buffer layer has two layers is shown in Fig. 
3 A where the substrate 301 is covered with a buffer layer 304 and subsequently a 
second buffer layer 305, where the combination of layers 304 and 305 form the buffer 
15 layer. The multiple buffer layers 304 and 305 can include any combination of layers, 
such as a metal layer 304 with an oxide layer 305 on top, or an oxide layer 304 with 
another oxide layer 305 on top. 

Alternatively, referring to Fig. 3B, the buffer layer can include three or 
even more layers. In this arrangement, the substrate 301 is coated with a metal or 
20 oxide buffer layer 306 which in turn is coated with additional metal or oxide buffer 
layers 307 and 308 before deposition of the superconducting layer 303. 

Figure 3 shows a substrate with this optional buffer layer 309 on the 
bottom side of the substrate. As shown in figure 3, superconductor structure 300 can 
optionally include a cap layer 310. 

25 Referring to Figure 4, there is showxr a partial cross section of ar 

superconducting composite 400. In this embodiment, the composite 400 has a 
substrate 401 with a pair of surfaces that are each coated with a buffer layer 402. A- 
superconducting oxide 403 is coated on each of the buffer layers 402. 

In an alternate arrangement, as shown in Figure 5, the composite 500 
30 has a substrate 501 which is fully surrounded by a buffer layer 502. Furthermore, a 
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superconducting oxide layer 503 fully coats the buffer layers 502 on all surfaces of 
the composite 500. 

Other alloys that can be used as substrates for superconductors, 
superconductors including such substrates, and methods of making these substrates 
5 and superconductors are disclosed in commonly assigned U.S. Patent Applications 

Serial No. , filed on even date herewith and entitled "Alloy Materials", 

08/943,047, filed October 1, 1997, and 08/942,038, filed October 1, 1997 are hereby 
incorporated by reference in their entirety. 

EXAMPLE 1 

10 A cube-textured copper-nickel alloy was produced as follows. Ni and 

Cu pieces (pellets mixed with coarse powders) were weighed in a ratio of 68 at% Cu 
and 32 at% Ni. The pieces were mixed and loaded in a water cooled copper hearth of 
an arc melter which operates under a protective atmosphere. The Cu and Ni mixture 
was melted and solidified several times, to ensure adequate mixing, at a temperature 

15 well above the melting temperatures for several minutes. The solidified and cooled 
alloy was mechanically formed in the shape of a solid cylinder, and was swaged to a 
smaller diameter of approximately 3mm. No homogenization anneal was applied in 
this example. Subsequently, the swaged cylinder was rolled, using 10% deformation 
per pass, to a total reduction of 98% without any intermediate stress anneal process. 

20 The resulting tape was heat treated at 850oC for 4 hrs using a protective gas of 95% 
argon and 5% hydrogen. This tape showed mainly a single, bi-axial cube texture, 
which can be seen in the { 1 1 1 } pole figure of Fig. 7. 

EXAMPLE 2 

A 32 mm diameter oxygen free copper can was loaded with a mixture 
25 of Cu and Ni pieces, and the overall exact stoichiometry (including the weight of the 
copper can) was further adjusted with Cu powder, to a mixture of 16 at% Ni, 84 at% 
Cu. This can was placed inside a 38 mm diameter thin-walled alumina crucible and 
heated under vacuum using a induction melter at about 1 170EC, for up to 5 minutes. 
After solidification, the alloy was removed from the crucible. To enhance 
30 homogeneity, the cast was remelted using a similar crucible and the same induction 
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melter, again under a protective atmosphere and at the same conditions. The cast 
alloy, which had a cylindrical shape, was machined to a diameter of 3 1 mm and 
swaged to a 17 mm diameter bar. This bar was homogenized at 950oC for 8 hrs. It 
was machined to a 16 mm diameter billet, suitable for hydrostatic extrusion. It was 
5 extruded to a 3 mm diameter wire and subsequently rolled using a reversible direction 
rolling technique, with a four-high rolling mill at a rolling speed of 6 m/min, and 
reduction per pass of 10%. The total reduction in thickness is 98.8%. Subsequently, 
it was heat treated at 850oC for 4 hrs under a 95% argon - 5% hydrogen gas mixture. 
This tape had a single bi-axial cube texture and a FWHM value of 9E. A { 1 1 1 } and 
10 {200} pole figure is shown of this alloy in Fig. 8. The pole figures demonstrate a 
single, high quality cube texture. 

EXAMPLE 3 

A similar process was followed as in Example 2, but the mixture was 
26.5 at% Ni and 73.5 at % Cu. The alloy was extruded to a tape, which was rolled to 
1 5 a reduction in thickness of 96%. The tape was heat treated for 4 hours at 850 degrees 
Celcius. The final tape made with this alloy had a single bi-axial cube texture. A 
{ 1 1 1 } and {200} pole figure of this alloy is shown in Fig. 6. 

EXAMPLE 4 

A similar process was followed as in Example 2, but the mixture was 
37 at% Ni and 63 at % Cu. The final foil made with this alloy had a single bi-axial 
(100)[001] cube texture. A { 1 1 1 } and {200} pole figure of this alloy is shown in Fig. 
9. 

EXAMPLES 

An 89 atomic percent nickel- 1 1 atomic percent chromium alloy were 
rolled using 10% deformation per pass, and room temperature deformation. The foils 
were annealed at 1000EC, and their texture was determined using X-ray pole figures. 

Figure 10 shows a (1 1 1) pole figure for the alloy rolled to 0. 1 
millimeters, annealed at 1000EC in 95% Ar/5% H2 for one hour in a vacuum and 
subsequently polished to a thickness of 0.075 millimeters. A well developed cube 
texture is shown with some remnant of the rolling texture observable near the center. 
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WHAT IS CLAIMED IS: 

1. A substantially homogeneous alloy comprising nickel and chromium, the 
alloy having a cube texture surface, wherein at least about 65 volume percent 
comprises grains having a cube texture. 

2. The alloy of claim 1 , wherein the alloy comprises at most about 20 
atomic percent chromium. 

3. The alloy of claim 2, wherein the alloy consists essentially of 
chromium and nickel. 

4. The alloy of claim 1, wherein the alloy comprises from about 5 to 
about 18 atomic percent chromium. 

5. The alloy of claim 4, wherein the alloy consists essentially of 
chromium and nickel. 

6. The alloy of claim 1, wherein the alloy comprises from about 10 to 
about 15 atomic percent chromium. 

7. The alloy of claim 6, wherein the alloy consists essentially of 
chromium and nickel. 

8. The alloy of claim 1, wherein the alloy consists essentially of nickel 
and chromium. 
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9. The alloy of claim 1, wherein at least about 80 volume percent of the 
alloy comprises grains having a cube texture. 

10. The alloy of claim 1, wherein at least about 90 volume percent of the 
alloy comprises grains having a cube texture. 

1 1 . The alloy of claim 1, wherein the alloy has a Curie temperature of at 
most about 80 K. 

12. The alloy of claim 1, wherein the alloy has a Curie temperature of at 
most about 40 K. 

13. The alloy of claim 1, wherein the alloy has a Curie temperature of at 
most about 10 K. 

14. An article, comprising 

a substrate comprising a substantially homogeneous alloy including nickel and 
chromium, the alloy having a cube texture surface; and 

a first layer supported by the cube texture surface. 

15. The article of claim 14, wherein the first layer is a buffer layer. 

16. The article of claim 15, wherein the first layer is an epitaxial buffer 

layer. 
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17. The article of claim 16, farther comprising a second layer supported by 
a surface of the first layer, the second layer comprising a material selected froni the 
group consisting of superconductors and precursors of superconductors. 

18. The article of claim 16, further comprising a second layer supported by 
a surface of the first layer, the second layer being a buffer layer. 

19. The article of claim 14, further comprising a second layer supported by 
a surface of the first layer, the second layer comprising a material selected from the 
group consisting of superconductors and precursors of superconductors. 

20. The article of claim 14, wherein the alloy comprises at most about 20 
atomic percent chromium. 

21 . The article of claim 14, wherein the alloy consists essentially of nickel 
and chromium. 

22. The article of claim 14, wherein at least about 65% of the area of the 
surface has a cube texture. 

23. The article of claim 14, wherein the alloy has a Curie temperature of at 
most about 80 K. 

24. The article of claim 14, wherein the alloy has a Curie temperature of at 
most about 40 K. 



25. The article of claim 1 4, wherein the alloy has a Curie temperature of at 
most about 10 K. 
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26. The article of claim 14, wherein at least about 65 volume percent of the 
alloy comprises grains having a cube texture. 

5 27. A method, comprising: 

forming a substantially homogeneous alloy comprising nickel and chromium, 
the alloy having a cube textured surface, wherein at least about 65 volume percent of 
the alloy comprises grains having a cube texture. 

10 28. The method of claim 27, wherein the method includes rolling the alloy. 

29. The method of claim 28, wherein the method further includes 
annealing the alloy. 

15 30. The method of claim 29, wherein the alloy is rolled after it is annealed. 

3 1 . The method of claim 27, wherein the alloy consists essentially of 
chromium and nickel. 

20 32. The method of claim 27, wherein the alloy comprises at most about 20 

atomic percent chromium. 

33 . The method of claim 27, wherein at least about 65% of the area of the 
surface has a cube texture. 

25 34. The method of claim 27, wherein the alloy has a Curie temperature of 

at most about 80 K. 
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35. The method of claim 27, wherein the alloy has a Curie temperature of 
at most about 40 K. 

36. The method of claim 27, wherein the alloy has a Curie temperature of 
5 at most about 10 K.. 
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